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ABSTRACT
We present a detailed analysis of the behaviour of the Red ClumpK-band absolute
magnitude (MRC
K
) in simple and composite stellar populations, in light of its use as
standard candle for distance determinations. The advantage of using MRC
K
, following
recent empirical calibrations of its value for the solar neighbourhood, arises from its
very low sensitivity to the extinction by interstellar dust. We show that, as in the case
of the V - and I-band results, MRC
K
is a complicated function of the stellar metallicity
Z and age t. In general, MRC
K
is more sensitive to t and Z than MRC
I
, for high t
and low Z. Morever, for ages above ∼1.5 Gyr, MRC
K
decreases with increasing Z, the
opposite behaviour with respect to MRC
V
and MRC
I
.
We provide data and equations which allow the determination of the K-band
population correction ∆MRC
K
(difference between the Red Clump brightness in the
solar neighbourhood and in the population under scrutiny) for any generic stellar
population. These data complement the results presented in Girardi & Salaris (2001)
for the V - and I-band. We show how data from galactic open clusters consistently
support our predicted ∆MRC
V
, ∆MRC
I
and ∆MRC
K
values.
Multiband V IK population corrections for various galaxy systems are provided.
They can be used in conjunction with the method devised by Alves et al. (2002), in
order to derive simultaneously reddening and distance from the use of V IK observa-
tions of Red Clump stars. We have positively tested this technique on the Galactic
globular cluster 47 Tuc, for which both an empirical parallax-based main sequence
fitting distance and reddening estimates exist. We have also studied the case of using
only V and I photometry, recovering consistent results for both reddening and dis-
tance. Application of this method to an OGLE-II field, and the results by Alves et
al. (2002), confirm a LMC distance modulus of about 18.50, in agreement with the
HST extragalactic distance scale zero-point.
Key words: distance scale – galaxies: stellar content – galaxies: individual (Large
magellanic Cloud) – stars: Hertzsprung-Russell (HR) diagram – stars: horizontal
branch – solar neighbourhood
1 INTRODUCTION
During the last few years a large body of work has been
focused on the use of helium burning red clump (RC) stars
as distance indicator; this has been mainly due to the fact
that Hipparcos parallaxes allows an accurate calibration of
the average RC brightness in the solar neighbourhood (as
a comparison, Hipparcos parallaxes of the closest Cepheid
and RR Lyrae stars have much larger errors, and the calibra-
tion of their absolute magnitude has provided conflicting re-
sults, see e.g. Feast & Catchpole 1997; Luri et al. 1998), and
that the RC is easily recognizable in the colour-magnitude-
diagram (CMD) of intermediate-old stellar populations.
The determination of the absolute magnitude of the lo-
cal RC in a given pass-band λ, MRCλ,local, and the appar-
ent magnitude mRCλ of the RC in a given stellar popula-
tion is not difficult, since in both the Hipparcos database of
nearby stars, and in CMDs covering even a small fraction of
a nearby galaxy, one finds several hundreds of clump stars,
easily identifiable from their CMD location. As proposed by
Stanek & Garnavich (1998), a non-linear least-square fit of
the function
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N(mλ) = a+ bmλ + cm
2
λ + d exp
[
−
(mRCλ −mλ)
2
2σ2mλ
]
(1)
to the histogram of stars in the clump region per magnitude
bin provides the value of mRCλ and its associated standard
error. By applying this procedure to the Hipparcos database
of nearby stars, the RC absolute brightness in the I-band
(Cousins) MRCI has been determined with accuracy of hun-
dredths of magnitude (Paczyn´ski & Stanek 1998; Stanek,
Zaritsky & Harris 1998).
Once the mean apparent magnitude of the RC in a given
photometric band, mRCλ , is measured in a nearby galaxy, its
absolute distance modulus µ0 = (m−M)0 is easily derived
by means of
µ0 = m
RC
λ −M
RC
λ,local − Amλ +∆M
RC
λ . (2)
In this equation, Amλ is the interstellar extinction to the RC
population of an external galaxy, and ∆MRCλ = M
RC
λ,local −
MRCλ,galaxy is the population effect, i.e. the difference of the
mean RC absolute magnitude between the local and external
samples of stars.
After early claims (Paczyn´ski & Stanek 1998; Udalski
et al. 1998; Stanek et al. 1998) based mainly on the con-
stancy of MRCI with respect to the colour (V − I), that the
population correction (∆MRCI ) is negligible in the I-band,
Cole (1998), Girardi et al. (1998, hereafter Paper I) and Gi-
rardi & Salaris (2001, hereafter Paper II) have conclusively
demonstrated that this is not the case. The in-depth analysis
we presented in Paper II has shown how theoretical stellar
evolution models are able to reproduce the morphology and
properties of the I-band RC brightness in Galactic open
clusters, of the local Hipparcos RC as well as the RC in a
sample of external galaxies, when using current estimates
of the Star-Formation-History (SFR) and Age-Metallicity-
Relation (AMR) of their stellar populations. The models
predict a non-negligible dependence of MRCI on both metal-
licity and age, so that the population correction ∆MRCI must
be taken into account. In particular, the dependence on age
is complex and non-monotonic. This implies that accurate
RC distances can be determined only if one can estimate
SFR and AMR for the stellar population under scrutiny. If
there are no determinations of these two key parameters,
errors up to ∼0.3 mag in the derived distance modulus are
to be accepted.
In the specific case of the Large Magellanic Cloud
(LMC) distance, that sets the zero point of the extragalac-
tic distance scale, we obtained a population correction in
the I-band ∆MRCI =+0.20. Unfortunately, the evaluation of
the RC distance to the LMC is plagued by what possibly
are uncertainties in the estimate of the interstellar extinc-
tion. Romaniello et al. (2000) and Sakai, Zaritsky and Ken-
nicutt (2000) obtain, respectively, IRC0 = 18.12 ± 0.02 and
IRC0 = 18.06 ± 0.02 from HST data, after deriving the ex-
tinction to individual stars from multiband colour fitting
using theoretical model atmospheres results; these values,
used in conjunction with the appropriate evolutionary cor-
rection and MRCI = −0.23±0.03 for the local RC, provide
µ0 = 18.55±0.04 and µ0 = 18.49±0.04, respectively. On the
other hand Udalski (2000) has obtained IRC0 = 17.94±0.05,
using different photometric data and determining the aver-
age stellar reddenings from the COBE/DIRBE reddening
maps (Schlegel, Finkbeiner & Davis 1998), which gives a
much shorter value, µ0 = 18.37 ± 0.06.
To overcome uncertainties related to the extinction cor-
rection, Alves (2000) and Grocholski & Sarajedini (2002)
have recently discussed the use of the RC in theK-band; the
main advantage of working in this wavelength range is a very
much reduced sensitivity to the extinction (AK ∼ 0.2 AI).
Alves (2000) has derived MRCK = −1.61±0.03 for the lo-
cal RC stars with Hipparcos parallaxes and spectroscopic
metallicities, and obtained a distance to the Galactic centre
(µ0 = 14.58±0.11, or 8.24±0.42 Kpc) using the observed RC
K-band magnitude for a sample of Baade’s window RC stars
with the same mean metallicity of the local sample; the un-
derlying assumption is that there is no potential age-effect
on the K-band RC level. Grocholski & Sarajedini (2002)
have tested the behaviour of MRCK on a sample of single-
age, single-metallicity stellar populations, constituted by 14
Galactic open clusters and 2 globular clusters with indepen-
dent estimates of reddening and distances, finding a good
agreement with the behaviour predicted by the theoretical
models by Girardi et al. (2000), which are the same used in
Paper I and Paper II. Moreover, Alves et al. (2002) have used
simultaneously V , I and K photometry of LMC RC stars to
determine both the LMC distance and the extinction for the
observed RC population. They have demonstrated the need
to apply population corrections to the RC absolute bright-
ness determined from the local clump, otherwise a negative
extinction is obtained; their final result µ0 = 18.506± 0.033
for the LMC (µ0 = 18.493 ± 0.033 ± 0.03 random plus sys-
tematic error, after correcting for the location of the ob-
served fields with respect to the LMC center, and including
an estimate of the probable systematic errors involved) and
E(B−V ) = 0.089±0.015 was obtained making use of evolu-
tionary corrections derived with the techniques and models
presented in paper II.
In light of these results we consider important to inves-
tigate theoretically the properties of the RC in the K-band,
as well as to assess the simultaneous reliability of the pop-
ulation corrections to the V -, I- and K-band for a given
stellar population.
In Sect. 2 we discuss in detail the properties of the RC in
theK-band and its dependence on age and metallicity, while
in Sect. 3 we perform further tests to assess the reliability
of the population corrections predicted by theory.
In Sect. 4 we present multiband population corrections
for the galaxy systems discussed in Paper II; in addition,
we will discuss the technique used by Alves et al. (2002)
for their LMC distance determination, and apply it to the
case of the Galactic globular cluster 47 Tuc (for which red-
dening estimates and an accurate empirical main-sequence
fitting distance do exist) and to a field of the LMC with
independent reddening determinations.
Our final conclusions are presented in Sect. 5.
2 THE THEORETICAL RED CLUMP
LOCATION IN THE K-BAND
As in Paper I and Paper II we will base the discussion of
the model behaviour on the Girardi et al. (2000) set of evo-
lutionary tracks and isochrones. We remark that different
models in the literature present systematic luminosity dif-
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ferences for the core helium burning (CHeB) stars that have
passed through the helium flash – which are the stars be-
longing to the observed RC populations – due mainly to the
different values of the helium core mass at the flash (see,
e.g., Castellani et al. 2000; Salaris, Cassisi & Weiss 2002);
however, the variation of their brightness with respect to
age and metallicity is much more consistently predicted by
theory (Castellani et al. 2000; Salaris et al. 2002). As in Pa-
per II, the main results of this paper will be based on the
strictly differential use of the model predictions.
We start our analysis by showing in Figure 1 the lo-
cation of RC stars at the beginning of the He-burning
phase on a magnitude-effective temperature plane, in simple
stellar populations (single-age, single-metallicity) of various
ages between 1 and 14 Gyr, and two different metallicities⋆
(Z = 0.001 and a solar Z = 0.019); the behaviour of the
bolometric luminosity as well as the V -, I- and K-band
brightness is displayed. One striking feature is readily ap-
parent; while the bolometric, V and I brightness at fixed
age increase for decreasing metallicity, the K brightness is
either approximately constant or even decreases with de-
creasing metallicity. The V and I magnitude follow (even if
with different sensitivities) the behaviour of the bolometric
magnitude, which is essentially determined by the variation
with metallicity of the core mass at the He-ignition; the
higher the metallicity, the lower the core mass, the lower
the luminosity during the RC phase. However, in case of
the K-band the situation is completely changed, due to the
behaviour of BCK .
Figure 2 displays the trend of BCK with respect to
metallicity and effective temperature, for the RC stars. It
turns out that BCK is almost unaffected by Z, but it
is strongly sensitive to the value of Teff . Lower effective
temperatures correspond to higher values of BCK ; since
MK = Mbol − BCK , cooler RC stars tend to be brighter.
This sensitivity of BCK to Teff is strong enough to reverse
the dependence of the stellar brightness on the He-core mass.
As for the dependence of the K brightness on age, one can
deduce from Figure 1 a large effect for high ages and a re-
duced one for lower ages, especially at high metallicities.
This is a straightforward consequence of the Teff location of
the models as a function of their age; in fact, for increasing
metallicity and decreasing age the scaling with respect to
Teff is reduced, thus producing a smaller variation of BCK .
It is important to remark that the behaviour of BCK
shown in Figure 2 is not peculiar of the particular set of
bolometric corrections adopted in our models (based on Ku-
rucz 1993 models), but it is also found, e.g., in the empirical
results by Montegriffo et al. (1998).
In order to explain the RC behaviour in composite stel-
lar populations, like the solar neighbourhood and the LMC,
we have to consider the mean RC brightness in simple stel-
lar populations. It is obvious that the expected differential
properties of the mean RC brightness will somehow mirror
the results shown in Figure 1.
⋆ In the course of the paper we will also denote the metallic-
ity of a given stellar population with the spectroscopic notation
[M/H] = log(M/H)star − log(M/H)⊙, where M is the total metal
abundance. [M/H] is related to Z by means of the approximate
relation [M/H] = log(Z/Z⊙), where we assume Z⊙ = 0.019. In
case of a scaled-solar metal distribution [M/H] = [Fe/H].
Figure 1. The location of RC stars at the beginning of the He-
burning phase on an absolute magnitude–effective temperature
plane, in simple stellar populations (single-age, single-metallicity)
of various ages (ages of 2, 3, 4, 5, 6, 8, 9, 10, 11, 13, 14 Gyr
moving clockwise; for each metallicity the oldest RC is also the
faintest one) and two different metallicities (Z = 0.001 and Z =
0.019). The age sequences are shown for, from top to bottom, K,
I, bolometric, and V magnitudes.
In Paper II we have discussed in detail how to derive
the mean RC level for a given stellar population. The most
detailed approach comes from a population synthesis algo-
rithm; a synthetic CMD is produced for a given stellar pop-
ulation model, and then MRCλ is derived by fitting eq. 1 to
the synthetic RC data. This is the method we have followed
to produce the population corrections presented in Paper II
and the ones we discuss also in this paper. However, it is very
instructive to summarize a simpler approach presented in
Paper II, since it shows clearly how to decompose a complex
stellar population into its elementary ’simple’ constituents.
For a given isochrone of age and metallicity (t, Z), one
can perform the following integral over the isochrone section
corresponding only to CHeB stars:
〈Mλ(t, Z)〉 = −2.5 log
[
1
Ncl(t, Z)
∫ CHeB
φ(mi) 10
−0.4Mλdmi
]
(3)
where Mλ is the absolute magnitude in the pass-band λ, mi
is the initial mass of the star at each isochrone point, and
φ(mi) is the Salpeter IMF (number of stars with initial mass
in the interval [mi,mi + dmi]). Ncl is the number of clump
stars (at age t) per unit mass of stars initially born. It is
simply given by the integral of the IMF by number, along
the CHeB isochrone section, i.e.
Ncl(t, Z) =
∫ CHeB
φ(mi) dmi . (4)
From eq. 3, accurate values for the mean clump mag-
nitudes can be determined, in case of a simple stellar pop-
ulation. These mean magnitudes enter straightforwardly in
the computation of the mean clump magnitude for a given
c© 2002 RAS, MNRAS 000, 1–9
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Table 1. Ncl and 〈MK〉, as a function of age and metallicity, from Girardi et al. (2000) isochrones.
Z = 0.0004 Z = 0.001 Z = 0.004 Z = 0.008 Z = 0.019 Z = 0.03
t Ncl 〈MK〉 Ncl 〈MK〉 Ncl 〈MK〉 Ncl 〈MK〉 Ncl 〈MK〉 Ncl 〈MK〉
(Gyr) (10−4) (10−4) (10−4) (10−4) (10−4) (10−4)
0.5 26.30 −1.969 25.70 −2.175 31.60 −2.191 34.30 −2.047 30.60 −2.024 29.40 −2.118
0.6 29.40 −1.775 30.60 −2.072 37.00 −1.909 40.10 −1.770 36.10 −1.785 33.90 −1.900
0.7 32.30 −1.686 33.70 −1.941 41.40 −1.693 44.90 −1.599 40.20 −1.607 37.30 −1.733
0.8 36.80 −1.626 37.60 −1.802 44.30 −1.536 48.50 −1.460 43.90 −1.485 40.20 −1.610
0.9 38.00 −1.601 40.90 −1.665 47.20 −1.417 51.80 −1.350 46.50 −1.388 42.90 −1.505
1.0 43.50 −1.540 44.40 −1.543 50.10 −1.309 54.80 −1.270 48.30 −1.312 45.40 −1.422
1.1 44.30 −1.546 47.00 −1.456 52.80 −1.222 56.70 −1.209 49.90 −1.254 46.60 −1.364
1.2 41.50 −1.603 48.00 −1.415 53.10 −1.183 54.30 −1.247 49.40 −1.225 47.20 −1.328
1.3 31.00 −1.711 44.00 −1.478 52.20 −1.236 53.50 −1.363 48.40 −1.251 47.10 −1.333
1.4 20.70 −1.711 28.00 −1.634 51.60 −1.382 27.80 −1.516 48.20 −1.338 46.40 −1.370
1.5 19.40 −1.699 23.00 −1.619 29.60 −1.517 23.20 −1.559 28.20 −1.446 45.80 −1.496
1.6 18.70 −1.685 21.40 −1.620 22.50 −1.541 20.60 −1.576 25.10 −1.519 31.60 −1.590
1.7 17.80 −1.675 20.10 −1.616 19.70 −1.563 18.80 −1.596 22.20 −1.554 24.30 −1.576
1.8 16.90 −1.664 19.00 −1.612 18.20 −1.585 17.10 −1.606 19.50 −1.568 20.90 −1.588
1.9 16.00 −1.650 18.00 −1.607 16.60 −1.595 16.30 −1.617 17.40 −1.580 18.90 −1.615
2.0 15.50 −1.629 16.90 −1.595 16.20 −1.602 15.30 −1.627 16.80 −1.599 17.40 −1.638
2.2 14.80 −1.593 16.20 −1.572 15.50 −1.612 14.10 −1.624 15.50 −1.640 16.00 −1.675
2.4 13.50 −1.559 14.90 −1.550 14.80 −1.595 13.30 −1.619 14.70 −1.668 14.40 −1.682
2.6 13.00 −1.530 14.20 −1.528 14.10 −1.578 12.80 −1.606 13.50 −1.673 12.90 −1.681
2.8 12.50 −1.503 13.60 −1.508 13.30 −1.570 12.30 −1.591 12.30 −1.646 12.00 −1.685
3.0 11.50 −1.484 12.20 −1.491 12.90 −1.564 11.00 −1.590 11.00 −1.621 11.50 −1.690
3.2 11.10 −1.468 11.90 −1.478 12.50 −1.558 10.70 −1.588 10.80 −1.623 11.00 −1.700
3.4 10.70 −1.454 11.50 −1.466 11.80 −1.553 10.50 −1.585 10.70 −1.623 10.80 −1.698
3.6 10.30 −1.440 11.10 −1.455 11.50 −1.542 10.30 −1.584 10.20 −1.626 10.60 −1.696
3.8 9.65 −1.425 10.50 −1.444 11.10 −1.532 10.00 −1.577 9.54 −1.615 9.99 −1.699
4.0 9.38 −1.408 10.30 −1.432 10.80 −1.523 9.67 −1.567 9.09 −1.603 9.63 −1.693
4.3 8.98 −1.385 9.93 −1.414 9.55 −1.509 9.14 −1.553 8.42 −1.586 9.23 −1.688
4.6 8.58 −1.364 9.57 −1.398 9.21 −1.498 8.29 −1.541 7.88 −1.581 8.83 −1.683
4.9 8.04 −1.345 9.17 −1.384 8.87 −1.488 7.93 −1.535 7.72 −1.581 8.07 −1.675
5.2 7.80 −1.326 8.74 −1.368 8.54 −1.479 7.68 −1.527 7.56 −1.578 7.69 −1.664
5.5 7.55 −1.308 8.44 −1.352 7.72 −1.469 7.43 −1.520 7.39 −1.574 7.31 −1.653
6.0 7.15 −1.280 7.94 −1.328 7.36 −1.449 6.47 −1.508 6.38 −1.564 6.46 −1.637
6.5 6.75 −1.255 7.44 −1.306 7.01 −1.430 6.16 −1.488 6.04 −1.550 6.06 −1.628
7.0 6.46 −1.225 6.63 −1.282 6.65 −1.413 5.87 −1.472 5.71 −1.536 5.82 −1.621
7.5 6.22 −1.196 6.36 −1.257 6.23 −1.395 5.59 −1.457 5.32 −1.524 5.59 −1.614
8.0 5.97 −1.168 6.08 −1.233 5.99 −1.375 5.32 −1.446 5.12 −1.514 5.31 −1.611
9.0 5.49 −1.118 5.55 −1.190 5.52 −1.339 5.02 −1.414 4.77 −1.497 4.98 −1.590
10.0 4.85 −1.052 5.06 −1.137 5.14 −1.306 4.71 −1.385 4.48 −1.480 4.66 −1.571
11.0 4.71 −0.986 4.80 −1.084 4.91 −1.265 4.65 −1.354 4.31 −1.456 4.53 −1.577
12.0 4.56 −0.929 4.55 −1.037 4.69 −1.225 4.42 −1.309 4.09 −1.431 4.42 −1.572
galaxy model, of total age T . In fact, in this case one needs
to perform the following integral:
〈Mλ(gal)〉 =
1
Ncl(gal)
∫ T
t=0
Ncl(t, Z)ψ(t) 〈Mλ(t, Z)〉 dt , (5)
where
Ncl(gal) =
∫ T
t=0
Ncl(t, Z)ψ(t) dt . (6)
The function ψ(t) is the SFR (in M⊙ by unit time) at
a moment t in the past, for the galaxy model considered; in
addition, also the AMR Z(t) should be specified. One can
average the magnitudes in eq. 5, instead of luminosities as
in the previous eq. 3; the reason is, as explained in Paper II,
that in this way one obtains a quantity similar to the MRCλ
derived by means of eq. 1. As discussed in Paper II, the pop-
ulation corrections evaluated with this approach are in very
good agreement with the results obtained from the popula-
tion synthesis approach; they are directly evaluated from the
average RC brightness of the elementary simple populations,
whose properties are highlighted in the following.
Table 1 presents the K-band mean absolute magnitude
of clump stars, 〈MK〉, as a function of age and metallicity,
as derived from Girardi et al. (2000) isochrones by means
of eq. 3, together with the values of Ncl(t, Z). This table
can be used to easily derive the population correction in
the K-band for any galaxy model. The same information
is provided for the V - and I-band in Table 1 of Paper II.
It is important to remark the pronounced maximum of Ncl
for ages between 1 and 2 Gyr, which causes these relatively
c© 2002 RAS, MNRAS 000, 1–9
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Figure 2. Bolometric corrections for giants in the K−band, for
both Z = 0.019 (dashed line), and Z = 0.0004 (solid line).
Figure 3. The behaviour of the clump as a function of age, for
several metallicities between [M/H] = −1.67 and 0.20, (Z between
0.0004 and 0.03).
younger clump stars to be very numerous in galaxies with
recent star formation. This aspect is thoroughly discussed
in Paper II, and in Girardi (1999).
Figure 3 portrays the behaviour of the mean RC mag-
nitude in simple stellar populations of different metallicities
and ages, for the V , I and K passbands. In line with our
desire to use the models only in a differential way, we have
actually plotted the theoretical population correction (not
the actual mean RC magnitude) for any given simple pop-
ulation considered. The theoretical counterpart of the local
RC has been computed using the SFR and AMR by Rocha-
Pinto et al. (2000a,b – see Paper II for further discussions
on this issue).
It is evident that the behaviour of the population correc-
tions – and therefore of the mean RC brightness – is strongly
dependent on the photometric band used. For ages larger
than about 1.5 Gyr ∆MRCK increases for increasing metal-
licity (hence MRCK decreases), which is exactly the contrary
of what happens to ∆MRCV and ∆M
RC
I . If we consider the
entire [M/H] range spanned by our models (from −1.7 up
to 0.20), for ages below ∼4 Gyr MRCK is on average less sen-
sitive to [M/H] than both MRCV and M
RC
I . However, when
the age is larger than this limit MRCK is more affected by
[M/H] than MRCI ; for ages larger than ∼11 Gyr, M
RC
K is
more metallicity-dependent than also MRCV , at least in case
of [M/H] lower than ∼ −0.7. In the [M/H] interval between
0.0 and ∼ −0.4 (this lower limit corresponds approximately
to the average metallicity of the LMC clump stars) MRCK is
less affected by the metallicity than bothMRCI andM
RC
V , at
least up to ages of about 11 Gyr. At super-solar [M/H] and
for ages above ∼3 Gyr,MRCK is more sensitive to metallicity
than the V and I brightness.
This complex relationship among the RC V , I and K
brightness stems from the different sensitivities to age. In
particular, MRCK is more affected by age than both M
RC
I
and MRCV , for the lower metallicities and higher ages.
3 TESTING THE THEORETICAL
MULTICOLOUR POPULATION
CORRECTIONS
Paper II and Grocholski & Sarajedini (2002) have already
shown separately the consistency of the theoretical results
in the I and K band, when applied to a sample of Galac-
tic open clusters of various ages and metallicities. The very
different behaviour of the population corrections in different
passbands allows one to perform the following additional
test for the accuracy of the models.
Figure 4 compares the difference of the population cor-
rections in two different photometric bands, between theory
and observations, for a sample of Galactic open clusters with
photometry in V , I and K. The data about the clusters V
and I magnitudes, as well as ages, [Fe/H] and reddening val-
ues are taken from Sarajedini (1999). K-band photometric
data are from Grocholski & Sarajedini (2002). The clusters’
ages have been derived with respect to the reference clus-
ter M 67, assumed to be 4 Gyr old on the base of previous
studies; the age scaling has been obtained from the distance
modulus difference (derived from the Main Sequence-fitting)
with respect to M 67. It is important to notice that the dif-
ference of the evolutionary corrections in two different pho-
tometric bands is independent of the adopted distance mod-
ulus (while the cluster age is dependent on the relative Main
Sequence-fitting distance moduli and the age zero-point). As
for the empirical calibration of the local RC we have used
the values provided by Alves et al. (2002), namely MRCK =
−1.60 ± 0.03, MRCI = −0.26 ± 0.03, M
RC
V = 0.73 ± 0.03
(the theoretical values we obtain from our simulation are
MRCK = −1.54, M
RC
I = −0.17, M
RC
V = 0.84; we stress
again that nowhere we use individual absolute magnitudes
c© 2002 RAS, MNRAS 000, 1–9
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Figure 4. The population correction difference between two dif-
ferent photometric bands, as predicted by theory (lines) and
from observations of a sample of galactic open clusters (dots)
with photometry in V , I and K. The theoretical metallicities are
[M/H] = −0.38 (long-dashed line), 0 (dot-short-dashed), and 0.20
(dot-long-dashed). The numbers on the plot indicate the metal-
licity [M/H] for each cluster; the clusters are, from left to right,
NGC 2204, NGC 6819, M 67, Be 39 and NGC 6791.
from the stellar models, but only magnitude differences).
The value MRCI = −0.26± 0.03 agrees, within 1σ, with the
previous determination by Stanek & Garnavich (1998).
The agreement between theory and observations is sat-
isfactory – also considering the uncertainty of the order of
∼0.1 dex associated to the individual cluster [M/H] esti-
mates –, another confirmation for the population corrections
predicted by the stellar models we employ. In fact, taking
into account the very different behaviour of the predicted
evolutionary corrections in V , I and K, it is highly improb-
able that a combination of errors in the theory and in the
adopted clusters’ parameters, were to produce such a good
agreement.
Another interesting test makes use of the available V -
and K-photometry of the few RC stars populating the
Hipparcos database for the Hyades and Praesepe clusters.
There is a large body of work suggesting that these two clus-
ters share the same age and metallicity (e.g., the discussion
and references in van Leeuwen 1999; Castellani et al. 2002).
From the Hipparcos data the cluster distances result to be
µHyades0 = 3.33±0.01 and µ
Praesepe
0 = 6.37±0.15 (Perryman
et al. 1997; van Leeuwen 1999); a comparison of their CMD
corrected for the different distance moduli, as performed by
Castellani et al. (2002), confirms a basically identical metal-
licity and age, since the good overlap of the upper main
sequence and turn off, and also of the RC region.
For a common age t = 625 ± 50 million years (higher
than the lower limit for the existence of the RC, which is
of about 500 million years) and [Fe/H] = 0.14 (Perryman
et al. 1997), we have determined the appropriate population
correction and plotted in Figure 5 the theoretical luminosity
Figure 5. The theoretical luminosity function (number of stars
per magnitude bin) for Hyades RC stars in the V - and K-band
(the normalization is arbitrary); the brightness of the RC has the
appropriate mean value obtained after applying the theoretical
population corrections (which are of the order of ∼ −0.3 mag
in both passbands) to the local RC absolute magnitude. On the
same plot we show the V and K absolute magnitude of the 6
stars (2 in the Hyades and 4 in Praesepe; open and closed circles,
respectively) populating the RC of the composite CMD of these
two clusters (see text for details).
function (number of stars per magnitude bin) for RC stars
in the V - and K-band (the normalization is arbitrary); the
brightness of the RC has the appropriate mean value ob-
tained after applying the theoretical population corrections
(which are of the order of ∼ −0.3 mag in both passbands)
to the observed local RC absolute magnitude. On the same
plot we show the V and K absolute magnitude of the 6 stars
(2 in the Hyades and 4 in Praesepe) populating the RC of
the composite CMD of these two clusters. Due to the small
size of the star sample it is not possible to determine a mean-
ingful mean brightness to compare with theory, but one can
notice that the empirical stellar absolute magnitudes are in
good agreement with the location and the width of the RC
as predicted by the theoretical population corrections.
As a warning, it is also important to take into account
the fact that the values of ∆MRCK and ∆M
RC
V are both
strong function of t in this age range (in case Praesepe is
younger than the Hyades by ∼ 100 million years, its RC
would be on average brighter by ∼0.2 mag than the Hyades
RC); we notice however that here is no obvious offset be-
tween the two sets of observational points, and between them
and the theoretical luminosity function. In conclusion, we re-
gard the agreement between theoretical and empirical data
in Figure 5 as an additional indication of the accuracy of
the population corrections predicted by theory.
The generally small values of ∆MRCK for ages between
∼1.5 and ∼4 Gyr, as displayed in Figure 3, raise the question
of to what extent one is allowed to disregard the population
corrections when considering the K-band RC magnitude as
c© 2002 RAS, MNRAS 000, 1–9
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Figure 6. The population corrections to the K-band for simple
stellar populations of varying age and metallicity, marking the
region for which the population correction is within ±0.1 mag.
distance indicator (see also the discussion in Grocholski &
Sarajedini 2002). In this age range, the lower sensitivity of
the K-band RC brightness to both age and metallicity may
suggest to use the local K-band RC brightness as a perfect
standard candle, without taking into account the appropri-
ate ∆MRCK .
To answer this question, Figure 6 shows again the pop-
ulation corrections to the K band for simple stellar popula-
tions, but this time it is also marked the region in which the
population correction is within ±0.1 mag. If a systematic
uncertainty of this order on the RC distance is considered
to be acceptable, the allowed range of age and metallicity
is easily evaluated. For example, one can obtain distances
with this precision, without evaluating the population cor-
rection, for t and Z values typical of the sample of Galactic
open clusters older than ∼2.5 Gyr. It is however not allowed
to neglect apriori the evaluation of ∆MRCK , due to the fact
that it can reach values as high as ±0.5 mag.
4 V -,I-, K-BAND POPULATION
CORRECTIONS FOR EXTERNAL
GALAXIES
Having assessed the adequacy of the theoretical population
corrections for simple stellar populations, in this section we
proceed to compute the corrections in V , I and K for the
composite systems discussed in Paper II, using the appro-
priate SFR and AMR discussed in Paper II; the results are
summarized in Table 2. The full references for the SFR and
AMR can be found in table 4 of Paper II.
As a test, we show in Figs. 7 and 8 the empirical data
for the local RC (from Alves 2000) in the V , I and K pass-
bands, and the results from the theoretical simulations, re-
spectively. Notice the good correspondence between the pre-
dicted and observed shape of the RC in the different colour
Figure 7. Empirical CMDs for the local RC (from Alves 2000)
in the V , I and K passbands.
planes. In particular, the RC in theMI–(V − I) plane is ba-
sically horizontal (see the in-depth discussion of Paper II on
the local RC and its properties in the MI–(V − I) plane),
while in the MK–(V − K) plane is slightly tilted towards
higher MK values, and in the MV –(V − I) plane is tilted
towards lower MV values. These properties are well repro-
duced by the theoretical models. More in detail, the ob-
served slopes ∆MV /∆(V −I) and ∆MK/∆(V −K) are equal
to, respectively, 1.46±0.27 and −0.63±0.12, which compare
well with the corresponding theoretical values 1.18±0.07 and
−0.54±0.02. In addition, the theoretical simulation predicts
no significant correlations between [Fe/H] and either MK or
MV , in agreement with the empirical data by Alves (2000).
The data in Table 2, in conjunction with the empirical
V , I and K absolute brightness of the local RC reported
in Section 3, can be used to derive simultaneously redden-
ing and distances to nearby galaxies, following the technique
employed by Alves et al. (2002). The basic idea is that the
apparent distance moduli determined simultaneously in var-
ious photometric bands, using the appropriate population
corrections, must all provide the same unreddened distance;
after assuming a reddening law, one can therefore use this
constraint to derive simultaneously reddening and true dis-
tance modulus. Alves et al. (2002) have adopted for the red-
dening law the following ratios: AK/E(B-V)=0.35, AI/E(B-
V)=1.96, AV /E(B-V)=3.24. We will use these same ratios
throughout the rest of this section.
The LMC value of ∆MRCV provided in Table 2 is slightly
different from the one used by Alves et al. (2002), which
we obtained after a preliminary evaluation of this quan-
tity. This small difference (0.04 mag) does not influence
appreciably the results obtained by Alves et al. (2002). In
fact, we repeated their analysis employing the ∆MRCV of
Table 2 (∆MRCI and ∆M
RC
K are unchanged), and obtained
µ0=18.505±0.045 and E(B−V )=0.079±0.014, almost coin-
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Figure 8. The same as Fig. 7, but for a theoretical simulation
with a much larger number of stars.
Table 2. Population corrections for the clump in nearby galaxy
systems.
System ∆MRC
V
∆MRC
I
∆MRC
K
Solar Neighbourhood 0.00 0.00 0.00
(Hipparcos)
Baade’s Window −0.21 −0.08 −0.07
(scaled-solar)
Baade’s Window −0.06 −0.01 −0.11
(α-enhanced)
Carina dSph +0.59 +0.35 −0.17
SMC +0.31 +0.29 −0.07
LMC +0.26 +0.20 −0.03
cident with µ0=18.506±0.033 and E(B − V )=0.089±0.015
obtained by Alves et al. (2002).
We have further tested this method (and the corre-
sponding population corrections) on the Galactic globular
cluster 47 Tuc, for which an accurate Hipparcos-based em-
pirical main-sequence fitting distance µ0=13.25±0.07 has
been recently provided by Percival et al. (2002), and redden-
ing estimates are also available (E(B − V )=0.04±0.02, see
the discussion in Percival et al. 2002). Spectroscopic analy-
ses give [Fe/H]=−0.70±0.1, together with an enhancement
of the α-elements typical of the Galactic Halo population.
We have taken into account the α-element enhancement –
as in Paper II – using the results by Salasnich et al. (2000).
V - and I-band data come from the photometry employed
by Percival et al. (2002), while K-band data are taken from
the analysis by Grocholski & Sarajedini (2002). We have as-
sumed an a priori age of 11 ± 2 Gyr for the cluster, which
corresponds to the age range allowed by an uncertainty of
more than ±0.1 mag around the main sequence fitting dis-
tance. By applying Alves et al. (2002) procedure we have ob-
tained µ0=13.19±0.07 and E(B−V )=0.055±0.015, in good
agreement with the independent determinations given be-
fore.
K-band data for a large variety of Galactic and ex-
tragalactic stellar populations are not yet widely available,
while V I data are much more common in the literature.
We have therefore applied Alves et al. (2002) technique us-
ing only V I data. If, as shown in the previous section, our
population corrections are accurate, one expects to obtain
distances consistent with the results from V IK data, al-
beit possibly with larger errors due to the lack of an addi-
tional constraint from theK-band magnitudes. In case of old
metal poor stellar populations, the RC V and I brightness
is much less dependent on age than the K magnitude, so
that the assumptions about the stellar ages are less crit-
ical. By repeating the determination of 47 Tuc distance
with the V I data only, we obtained µ0=13.26±0.07 and
E(B− V )=0.02±0.02, consistent with the result from V IK
photometry. The same exercise can be performed on Alves et
al. (2002) LMC data; we derived in this case µ0=18.53±0.07
and E(B − V )=0.071±0.022, in very good agreement with
the result from the full V IK analysis.
As a final exercise, we have studied the field LMC-
SC6 from the OGLE-II database (Udalski et al. 2000); this
field overlaps with the field centred on the eclipsing binary
HV982, studied by Larsen et al. (2000). We have corrected
the zero point of the OGLE-II V I photometry, in order to
place it on the same system of Alves et al. (2002), and em-
ployed stars with random photometric error smaller than
0.04 mag.
We obtain for the RC level in field LMC-SC6
V RC=19.21 and IRC=18.17. By employing the popu-
lation corrections given in Table 2 we have obtained
µ0=18.47±0.04 and E(B − V )=0.085±0.015. This distance
agrees well within the errors with Alves et al. (2002) re-
sults. The minimum reddening for this field as estimated by
Larsen et al. (2000) is E(B − V )=0.085±0.02. Fitzpatrick
et al. (2002) obtain from spectral fitting of the eclipsing bi-
nary HV982 a value E(B−V )=0.086±0.005. Oestreicher et
al. (1995) provides a minimum reddening of 0.05 mag. All
these values are consistent with our reddening estimate for
the RC population.
5 CONCLUSIONS
We have presented a detailed analysis of the behaviour of
the RC brightness in the K-band, together with tests for
the accuracy of the predicted population corrections to the
local RC V IK brightness, and a discussion of the Alves et
al. (2002) method for deriving simultaneously distance and
reddening using multiband RC photometric data. More in
detail:
– we have shown that the K-band brightness of the RC
is mainly determined by the behaviour of the bolometric cor-
rection to the K-band. For ages larger than about 1.5 Gyr
c© 2002 RAS, MNRAS 000, 1–9
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the trend of the RC brightness with respect to [M/H] is re-
versed in comparison with the V - and I-band, that is, MRCK
decreases for increasing metallicity. By considering the entire
[M/H] range spanned by our models (Girardi et al. 2000),
for ages below ∼4 Gyr MRCK is on average less sensitive to
[M/H] than both MRCV and M
RC
I . At higher ages M
RC
K is
more affected by [M/H] thanMRCI ; for ages larger than ∼11
Gyr it is more metallicity-dependent than alsoMRCV , at least
for [M/H] lower than ∼ −0.7. It is interesting to notice that
for [M/H] between 0.0 and ∼ −0.4 MRCK is less affected by
the metallicity than bothMRCI andM
RC
V , at least up to ages
of about 11 Gyr. This complex relationship among the RC
V , I and K brightness is due to their different sensitivities
to age. In particular,MRCK is more affected by age than both
MRCI and M
RC
V , for the lower metallicities and higher ages.
Due to the non-trivial dependence of MRCK on both [M/H]
and age, it is always necessary – as in the case of MRCV and
MRCI – to determine the appropriate population correction
for the stellar population under scrutiny, when using the RC
as a standard candle;
– we have provided in Table 1 values of the RC average
K brightness for a large range of [M/H] and ages. These
data, used in conjunction with eq. 5, eq. 6, and the data in
Table. 1 of Paper II, can be employed to determine multi-
band population corrections for any given stellar population,
once SFR and AMR are prescribed;
– we have simultaneously and positively tested the evo-
lutionary corrections ∆MRCV , ∆M
RC
I and ∆M
RC
K against
Galactic open cluster data;
– we have discussed the method applied by Alves et
al. (2002) for determining reddening and distance from the
V -, I- and K-band RC brightness; we have positively tested
this technique on the Galactic globular cluster 47 Tuc, for
which both an empirical parallax-based main sequence fit-
ting distance and reddening estimates exist. We have also
studied the case of using only V and I photometry, recover-
ing consistent results for both reddening and distance. Ap-
plication of this method to an OGLE-II field, and the results
by Alves et al. (2002), confirm a LMC distance modulus of
about 18.50, in agreement with the HST extragalactic dis-
tance scale zero-point (Freedman et al. 2001).
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